We present spectroscopic observations acquired with FLAMES and XSHOOTER at the Very Large Telescope for a sample of 15 Blue Straggler Stars (BSSs) in the globular cluster (GC) M30. The targets have been selected to sample the two BSS sequences discovered, with 7 BSSs along the blue sequence and 8 along the red one. No difference in the kinematical properties of the two groups of BSSs has been found. In particular, almost all the observed BSSs have projected rotational velocity lower than ∼30 km s −1 , with only one (blue) fast rotating BSS (>90 km s −1 ), identified as a W UMa binary. This rotational velocity distribution is similar to those obtained in 47 Tucanae and NGC 6397, while M4 remains the only GC studied so far harboring a large fraction of fast rotating BSSs. All stars hotter than ∼7800 K (regardless of the parent BSS sequence) show iron abundances larger than those measured from normal cluster stars, with a clearcut trend with the effective temperature. This behaviour suggests that particle trasport mechanisms driven by radiative levitation occur in the photosphere of these stars, as already observed for the BSSs in NGC 6397. Finally, 4 BSSs belonging to the red sequence (not affected by radiative levitation) show a strong depletion of [O/Fe], with respect to the abundance measured in Red Giant Branch and Horizontal Branch stars. This O-depletion is compatible with the chemical signature expected in BSSs formed by mass transfer processes in binary systems, in agreement with the mechanism proposed for the formation of BSSs in the red sequence.
Introduction
Blue Straggler stars (BSSs) are brighter and bluer (hotter) than the main sequence (MS) turnoff (TO). They are located along an extension of the MS in the color-magnitude diagram (CMD) of globular clusters (GCs) and they are known to be more massive than normal MS stars (Shara et al. 1997; Gilliland et al. 1998; De Marco et al. 2005) , thus indicating that a process able to increase the initial mass of a single star must be at work. While BSSs have been demonstrated to be invaluable probes of GC internal dynamics and their radial distribution is indeed a powerful tool to measure the cluster dynamical age (Ferraro et al. 2012) , many basic questions about the formation mechanisms and the physical properties of these puzzling objects remain open. At the moment, two main leading scenarios have been proposed for their formation: BSSs could be generated by mass-transfer activity in binary systems (MT-BSSs; McCrea 1964; Zinn & Searle 1976) , possibly up to the complete coalescence of the two companions, or they may form by collision-induced stellar mergers (COL-BSSs; Hills & Day 1976) . The spectroscopic analysis seems to be the most promising way to discriminate between the two formation channels. In fact, hydrodynamical simulations predict carbon (C) and oxygen (O) depletion for MT-BSSs, due to the fact that the material on the BSS surface comes from the deep regions of the donor star, where the CNO-burning already occurred (Sarna & De Greve 1996) . Conversely, very little mixing is expected to occur between the inner cores and the outer envelopes of the colliding stars, so that COL-BSSs should show normal C and O abundances (Lombardi et al. 1995) . Those theoretical results have been confirmed by the observation in 47 Tucanae (47 Tuc, Ferraro et al. 2006, hereafter F06) , of 6 (out of 42) BSSs showing C and O depletion. Unfortunately, at the moment, 47 Tuc is the only GC where such a kind of signature has been oberved. In fact, the subsequent analysis of the BSS population of M4 lead to the conclusion that all of the observed BSSs show normal C and O abundances (Lovisi et al. 2010, hereafter L10) , suggesting that either they are all formed through collisions or, more likely, that the depletion is a transient phenomen (in fact, according to the percentage of CO-depleted BSSs found in 47 Tuc, there should have been 0-1 BSSs with C and O depletion in M4). Moreover, from the analysis of the BSS population in NGC 6397, Lovisi et al. (2012) (hereafter L12) highlighted the occurrence of a particle transport process called radiative levitation 2 on the atmosphere of BSSs hotter than ∼ 8000 -3 -K. Such process, already known to occur in HB stars hotter than ∼ 11000 K (Behr et al. 2000a,b; Pace et al. 2006) , alters the surface chemical abundances (in particular, it increases the mean metallicity) thus preventing the interpretion of any surface abundance in terms of BSS formation mechanism.
Another interesting property that can be studied to infer information on the BSS formation processes is the projected rotational velocity v e sin(i). However, the theoretical scenario is quite complex. In fact, MT-BSSs are expected to have high rotational velocities because of the angular momentum transfer (Sarna & De Greve 1996) . Unfortunately accurate simulations are lacking, mostly because of the difficulty in following the evolution of a hydrodynamic system (the mass transfer between binary components) up to the system merge (Sills et al. 2005) . This time-scale is unknown but certainly large, of the order of half a billion years (Rahunen 1981) . According to some authors (Benz & Hills 1987) , also COLBSSs should rotate fast. Nevertheless, the rotation of both MT and COL-BSSs might be slowed down by braking mechanisms (Leonard & Livio 1995; Sills et al. 2005) , like magnetic braking and disk locking, for which efficiencies and time-scales are not well known yet.
From an observational point of view, a large fraction of fast rotating BSSs (∼ 40%) has been identified in M4 by L10 but, at the moment, this is the only studied cluster exhibiting such a large population of fast rotating BSSs. In fact, according to F06 and L10, almost all the BSSs in 47 Tuc and NCG 6397 have low rotational velocities, with only one exception. Moreover, no difference has been found in the rotational velocity distributions of CO-depleted and normal BSSs in 47 Tuc, suggesting that no particular rotational velocity can be univocally linked to a given formation channel.
However, the discovery of two distinct sequences of BSSs in the GC M30 (Ferraro et al. 2009, hereafter F09) has recently opened a new perspective in the study of a possible photometric signature of the BSS formation process: two almost parallel sequences similarly populated (24 stars in the blue sequence and 21 stars in the red one) have been revealed in this cluster. The two populations show a different level of segregation (the red BSSs being more centrally concentrated) and possibly have different origin since the blue sequence is well fit by evolutionary models of COL-BSSs (Sills et al. 2009 ), while the red one well corresponds to the lower envelope of the distribution of MT binaries simulated by Tian et al. (2006) . F09 suggested that the core collapse event boosted the rate of direct stellar collisions, hardened binary systems and could have generated the two populations 1-2 Gyr ago.
The present study is devoted to a spectroscopic screening of BSSs selected along the two sequences, with the goal of investigating their physical properties and further investigate the -4 -proposed interpretation of the two distinct populations. The paper is organized as follow: the observations are described in Sect. 2. The determination of stellar radial velocities and cluster membership are discussed in Sect. 3. The estimate of atmospheric parameters to all targets is described in Sect. 4. The measured rotational velocities are presented in Sect. 5. Sect. 6 describes methods and results of the chemical abundance analysis for our sample. Finally our conclusions are drawn in Sect. 7.
Observations
This work is based on spectroscopic observations collected with the spectrographs FLAMES and XSHOOTER both mounted at the Unit Telescope 2 at the VLT of the European Southern Observatory. The spectroscopic targets have been selected from a photometric catalog obtained by combining WFPC2@HST data for the central cluster region and MegaCam (at the Canada-France-Hawaii telescope) data for the outer region (see F09 for details).
1. FLAMES dataset -The observations have been performed with the multi-object high-resolution spectrograph FLAMES in the UVES+GIRAFFE combined mode, during the nights 7-8-9 August 2011. The FLAMES fibres allocation has been made to maximize the number of observed BSSs in both the blue and the red sequence. Unfortunately, the majority of the BSSs are concentrated in the inner 30 ′′ (F09) and some of them have close bright companions. Moreover, the physical size of the FLAMES magnetic buttons prevents us to simultaneously observe targets that are closer than 11 ′′ . We conservatively excluded targets having stellar sources of comparable or brighter luminosity within 3 arcsec. The FLAMES sample includes 12 BSSs, 52 Red Giant Branch (RGB) and 49 Horizontal Branch (HB) stars. Among the observed BSSs, 4 targets belong to the blue sequence and 8 to the red one. Fig. 1 shows the CMD of M30 with the selected targets highlighted.
Two different setups have been used for the spectroscopic observations: HR5A (with spectral coverage 4340-4587Å and spectral resolution R≃18500) and HR18 (7468-7889 A, R=18400), suitable to sample some metallic lines and the O I triplet at λ ≃ 7774Å, respectively. Exposure times amount to 4.5 hours for the HR5A setup, and to 3 hours for the HR18. The spectra pre-reduction has been done by using the latest version of the GIRAFFE ESO pipeline, gasgano version 2.4.3, 3 that includes bias subtraction, flat-field correction, wavelength calibration and one-dimensional spectra extraction.
For each exposure we subtracted the corresponding master sky spectrum, obtained by averaging several spectra of sky regions. By combining the sky-subtracted exposures, we obtained median spectra with signal-to-noise ratios S/N≃ 30 − 70 for the selected BSSs, and S/N 80 for the RGB and HB stars.
2. XSHOOTER dataset -Observations of three BSSs belonging to the blue sequence have been secured during the nights 27 and 28 June 2012 with XSHOOTER. Those targets are too faint (V∼18.0-18.3) to be efficiently observed with FLAMES in a reasonable exposure time, but some information can be inferred from XSHOOTER spectra, in spite of the lower resolution of this spectrograph. The three targets have been observed in stare mode enabling simultaneously the UVB (∼3300-5500Å) and the VIS (∼5500-10000Å) channels. The slit width was set at 0.8 ′′ (R= 6200) and 0.7 ′′ (R= 11000) for the UVB and the VIS channels, respectively. The exposure times range from 45 to 90 minutes, according to the magnitude of the target and the seeing conditions. The spectral reduction has been performed with the version 2.0.0 of the XSHOOTER ESO pipeline (Modigliani et al. 2010) , including bias-subtraction, flat-field correction, wavelenght calibration, correction for sky-background and order-merging. The spectral extraction has been performed manually with the IRAF task apall. In Fig. 1 the three BSSs observed with XSHOOTER are marked with black squares.
Radial velocities and cluster membership
In order to assess the cluster membership for each target, we measured the radial velocities (RVs) with the IRAF task fxcor. Synthetic spectra calculated with the atmospheric parameters of the analysed targets (see Sect. 4) and convolved with a Gaussian profile to reproduce the spectral resolution of the observed spectra, have been used as templates for the cross-correlation (see Sect. 5 for details about the computation of the synthetic spectra). Finally, the heliocentric correction has been applied to all the radial velocities.
The derived RV distribution is shown in Fig. 2 . The mean radial velocity of the RGB stars is RV= −184.9±0.5 km s −1 (σ=3.4 km s −1 ) which is fully in agreement with that obtained for the HB stars (RV= −184.6±0.5 km s −1 , σ=3.3 km s −1 ). The value for the combined RGB+HB star sample is RV= −184.7±0.3 km s −1 (σ=3.4 km s −1 and it is in agreement with previous results by Harris (1996, 2010 edition) , Zaggia et al. (1992) and Carretta et al. (2009a,b) . This value has been assumed as the systemic velocity of M30 and used to infer the cluster membership for each star: stars having RVs within 3σ with respect to the systemic velocity value have been considered as members of M30. The BSS RV distribution is in good agreement with that of the RGB+HB stars, with a mean value -6 -RV= −184.4±0.7 km s −1 (σ=2.7 km s −1 ). All the observed BSSs turned out to be cluster members. Also, the RVs of the BSSs in the two sequences nicely agree with each other: we measured RV= −184.6±1.3 km s −1 (σ=3.11 km s −1 ) for blue BSSs and RV= −184.2±0.9 km s −1 (σ=2.5 km s −1 ) for the red ones.
BSS #12005407 deserves a particular discussion. FLAMES spectra of this star appear featureless and we are not able to derive its RV (and not to perform the chemical analysis). The observed counts of its spectra are fully compatible with those of the other BSSs, thus excluding that the lack of spectral features is due to a wrong centering of the fiber. This star has been classified as W Uma variable by Pietrukowicz & Kaluzny (2004) . Hence, the complete lack of lines in all the observed setups is likely due to a very high rotational velocity (which is indeed commonly associated to this class of objects). In spite of this, on the basis of its central position (the BSS is located at ≃ 75 ′′ from the cluster centre), it has been considered a cluster member.
Atmospheric parameters
Effective temperature (T ef f ) and surface gravity (log g) for all the observed targets have been derived comparing their position in the CMD with theoretical isochrones (with different ages) and zero age horizontal branch (ZAHB) models from the Pisa Evolutionary Library (Cariulo et al. 2004) 4 . Given the stellar position in the CMD, each observed target has been orthogonally projected on the closest theoretical model, and T ef f and log g have been derived for each star. For the RGB stars, an isochrone of 12 Gyr, Z=0.0002 (compatible with the measured [Fe/H]=−2.3 for the cluster, Carretta et al. 2009a ) and α-enhanced chemical mixture has been superimposed on the CMD of M30, assuming a distance modulus (M-m) 0 = 14.71 and E(B-V)=0.03 (Ferraro et al. 1999) . The same distance modulus and reddening have been applied to a ZAHB model with the same metallicity and chemical mixture to derive atmospheric parameters for the HB stars. For BSSs, isochrones with different ages (and assuming the same distance modulus and reddening values) have been used to sample the BSS region.
The atmospheric parameters for the BSS, RGB and HB samples are listed in Tables 1,licity of the cluster) prevents us to derive spectroscopically this parameter. Microturbulent velocities for the RGB stars have been derived from the relation presented by Kirby et al. (2009) , expressing the microturbulent velocity as a function of the surface gravity. For BSSs and HB stars it has been assumed equal to 2 km s −1 . However the assumption of a different value of microturbulent velocity has a negligible impact on rotational velocities and chemical abundances and it does not change our results. We finally adopted a conservative error of 0.5 km s −1 for all the targets.
Rotational velocities
Rotational velocities have been derived for all the FLAMES targets in our sample but BSS #12005407, for which only an upper limit has been obtained. Conversely, only lower limits have been derived for the XSHOOTER targets, due to the lower resolution of the spectra that prevents us to appreciate small differences at low rotational velocities.
Rotational velocities for the RGB stars have been inferred from the Ba II at 4554.03Å whereas rotational values for the BSSs from some strong metallic lines, such as the Ti II lines at 4501.270, 4468.492 and 4571.971Å and the Mg II line at 4481Å. The latter Mg II line has been used also to infer rotational velocities for the HB stars. For each star, we computed a grid of synthetic spectra with suitable atmospheric parameters and different rotational velocities. A χ 2 minimization between the observed spectra and the synthetic ones is then performed and used to determine the best-fit rotational velocity.
All the synthetic spectra have been computed by using the Kurucz's code SYNTHE (Kurucz 1993; Sbordone et al. 2004) , including the atomic data for all the lines from the most updated version of the Kurucz line list by F.Castelli 5 . Model atmospheres for the synthetic spectra have been computed with ATLAS9 code (Kurucz 1993; Sbordone et al. 2004 ) under the assumptions of Local Thermodynamic Equilibrium (LTE) and plane-parallel geometry and adopting the new opacity distribution functions by Castelli & Kurucz (2003) , without the inclusion of the approximate overshooting (Castelli et al. 1997) . Typical uncertainties in the v e sin(i) measurement are of the order of 1-2 km s −1 .
The rotational velocity distribution thus obtained for BSSs is shown in Fig. 3 (Peterson et al. 1995; Behr et al. 2000a,b; Carney et al. 2008; Cortés et al. 2009; Mucciarelli et al. 2011, L12) .
Also the rotational velocity distribution for BSSs is spread with most red and blue BSSs (shaded and grey histograms, respectively) having rotational velocity between 0 and 30 km s −1 with the only exception of the fast rotating blue BSS (#12005407): for this star, the upper limit suggests a rotational velocity larger than 90 km s −1 .
Finally, Fig. 4 shows the rotational velocity as a function of temperature for all our targets and reveals no clear trends.
Chemical abundances
For all the FLAMES targets we derived Fe, Mg, Ti and O abundances or upper limits. Abundances of Fe, O and Ti for all the targets as well as Mg abundances for the RGB stars have been estimated with the code GALA (Mucciarelli et al. 2013 ) by using the measured equivalent widths (EWs) of the absorption lines. Conversely, spectral synthesis has been used to derive the Mg abundance of BSSs and HB stars from the Mg II line at ∼ 4481 A, that is an unresolved blend of three close components of the same multiplet (so that the observed line profile significantly deviates from the Gaussian approximation ). A χ 2 minimization has been performed by using a grid of synthetic spectra computed with the appropriate atmospheric parameters and rotational velocities. Finally for the oxygen of the BSS FLAMES targets, we were able to obtain only upper limits, corresponding to a 3σ detection according to the formula by Cayrel (1988) .
For the three XSHOOTER targets, the combination of low metallicity and low spectral resolution does allow to analyse only a few transitions. We measured 2-3 Fe II lines and the Mg II line at ∼ 4481Å. For the coldest BSS (namely #13000594) we derived only upper limits for both Fe and Mg.
The atomic parameters of the analysed lines are listed in Table 4 , 5 and 6. The used reference solar abundances are from Grevesse & Sauval (1998) for Fe, Mg and Ti, and from Caffau et al. (2011) for O.
An important issue to take into account is the possible deviation from the LTE assumption, particularly for the hottest targets. For the O limits we included non-LTE corrections taken from the statistical equilibrium calculations of Takeda (1997) . For Fe, Mg and Ti abundances, no grid of non-LTE corrections are available in the literature for the range of parameters typical of our targets. Based on the fact that non-LTE corrections for ionized elements in hot (A and F type) stars are negligible with respect to those for neutral elements, whereas the opposite is true for cold stars, we obtained Fe and Mg abundances for the BSSs and HB stars by using Fe II and Mg II lines, whereas Fe I and Mg I lines have been used for the RGB stars. We did the same for Ti abundances in BSSs and HB stars whereas, unfortunately, this was not possible for RGB stars since only lines from ionized elements transitions are present in the spectra. The derived abundances are listed in Tables 1, 2 Oxygen -For BSSs, only upper limits to the O abundance (from the O I triplet at ∼ 7774Å) can be determined because no line is detectable in these spectra. Also in our RGB spectra, the O I triplet lines are too weak to be detected, thus we measured O abundances only for HB stars. 
Discussion
This work presents the first investigation of the kinematical and chemical properties of BSSs belonging to the two BSS sequences of M30. All the observed BSSs turn out to be members of the cluster, with no significant differences in the RV mean value and dispersion between the two groups of stars.
Rotational velocities-The BSSs of M30 show a rotational velocity distribution wider than that derived for the RGB stars and more similiar to the distribution obtained for the HB stars. Most of the BSSs have v e sin(i) <30 km s −1 , with the only exception of the blue -11 -BSS #12005407 with v e sin(i) > 90 km s −1 and classified as a W UMa. The rotational velocity distribution of BSSs in M30 is very similar to that derived for the BSS populations in 47 Tuc (F06) and NGC 6397 (L12), where the majority of BSSs rotate slowly. On the contrary, the v e sin(i) distribution of BSSs in M4 discussed by L10 is very broad, including a large (∼40%) fraction of fast rotators (i.e. BSSs with v e sin(i) larger than ∼50 km s −1 ).
It is interesting to note that although the BSSs in both sequences cannot be defined fast rotators (following the definition by L10), when we consider the rotational velocity distribution of the BSSs in each sequence, we find slightly higher values among the blue BSSs. In the framework proposed by F09, the two BSS sequence of M30 are linked to different formation channels, the red sequence being populated by MT-BSSs and the blue sequence by COL-BSSs. The results obtained in this work indicate that no significant difference in rotational velocity characterize the BSSs formed through the two mechanisms. The current theoretical models provide conflicting predictions about BSS rotational velocity (see for instance Leonard & Livio 1995; Sills et al. 2005) . As discussed in L12, high rotational velocities could be a transient stage in the life of some BSSs, that will be slowed down during their subsequent evolution by some braking mechanisms (that are still poorly understood, see Leonard & Livio 1995) .
Chemical composition-Two main results have been derived from the chemical analysis of BSSs: (1) the iron abundance increases with effective temperature temperature: the 6 coldest BSSs have [Fe/H] ratios fully compatible with the iron content of the RGB and HB stars, while the BSSs hotter than ∼7800 K show higher iron abundances. This trend nicely agrees with that already observed for the BSSs of NGC 6397 (L12) and it points toward the occurrence of particle transport mechanisms driven by the radiative levitation. The enhancement of ironpeak elements due to this mechanism has been observed in HB stars hotter than ∼11000 K in Galactic GCs (see e.g. Behr et al. 2000a,b; Pace et al. 2006) , and it is typical of stars with shallow or no convective envelopes (as Population I MS stars, Gebran et al. 2010) . M30 is the second cluster where the effects of radiative levitation are observed among the BSSs, confirming the results obtained for NGC 6397.
(2) The occurence of radiative levitation alters the surface chemical composition and prevents us to study the original chemical composition of BSSs hotter than ∼7800-8000 K. However, the 6 coldest BSSs in the sample have [Fe/H] ratios fully compatible with that of the cluster. This confirms that the surface chemical composition of these stars is not altered and allows us to discuss the chemical composition of these BSSs in terms of formation mechanisms. The most intriguing finding concerns the O abundance that in 4 out of 5 red cold BSSs results to be systematically lower than the typical values observed in the RGB and HB stars of the cluster. The upper limits of [O/Fe] for those 4 red BSSs range from −0.13 dex down to −0.36 dex. and they are incompatible with the O abundances derived for the HB stars. Unfortunately, the only cold BSS along the blue sequence is #13000594, for which we are not able to derive significative O upper limits from the XSHOOTER spectra.
The very low O abundance in 4 red BSSs is incompatible with the O depletion associated with the second generation stars in this cluster (in fact, it is significantly lower than that measured in HB stars and also in RGB stars; see Fig. 7 and Carretta et al. 2009c ). This clearly suggests that other mechanisms able to reduce the O abundance occurred. In principle, a possibility could be that of the gravitational settling, which is due to temperature, pressure and abundance gradients, leading to the sinking of the atoms. Up to the present, no theoretical models taking into account the balance between radiative levitation and gravitation settling exist in the literature for BSSs, so that it is not possible to predict the variation of surface chemical abundances due to the occurrence of the two processes. On the base of a rough reasoning, it could be possible that the gravitational settling leads to a simultaneous depletion of both O and Fe and that a larger effect might be observed on Fe abundances because the Fe atoms are heavier than those of O. In this case we would be able to discard that our results are the effect of the gravitational settling, due to the fact that the Fe abundance for the O-depleted BSSs are fully compatible with those of normal cluster stars. However, even if we are not able to completely discard the possibility that the observed depletion is (at least partially) produced by the effect of gravitational settling, at the moment the hypothesis of a MT origin is the most likely, particularly according to the interpretation of the red sequence proposed by F09. Unfortunately, the low metallicity of M30 does not allow us to measure C abundances, while the blue BSSs that should not be affected by radiative levitation are too faint to be properly observed with FLAMES. Thus, the present sample does not allow us to fully investigate whether the two BSS sequences of M30 harbor stars formed from the two different mechanisms, but the strong O-depletion observed in 4 red BSSs is a relevant clue in support to this scenario. Table 6 : Wavelength, atomic number, logarithm of the oscillator strength and excitation potential of the main lines used to derive chemical abundances for the HB sample. 
